Obesity and overweight are major health concerns and the leading preventable cause of death in developed and developing countries. Obesity affects men and women differently due to biological, socioeconomic, cultural and country-specific gender-related disparities. This book chapter outlines obesity as a risk factor for physical diseases and mental health disorders in women. Obesity has been shown to contribute to the risk of certain types of cancer, including breast, endometrial, gallbladder, oesophageal and renal cancer. In terms of reproductive health, obesity negatively affects both fertility and contraception. In addition, obesity is associated with early miscarriage, higher rates of caesarean section and high-risk obstetrical conditions, in addition to higher maternal and neonatal mortality rates, and congenital malformations. In terms of mental health, obesity is closely linked to depression, anxiety disorders, neurodegenerative diseases and sleep disorders. Socioeconomic, psychosocial and behavioural factors, factors associated with ageing, mechanisms related to the microbiome, gastrointestinal and vascular system, intracellular pathophysiology and metabolism in the body, hormones, adipocytokines and problems associated with medical treatment are important factors linking obesity with its negative consequences on physical and mental health.
Introduction

Obesity is related to major health issues in women
In 2016, 13% of the world's population (15% of women and 11% of men) was affected by obesity, which is characterised by excess body fat with a Body Mass Index (BMI) ≥ 30 kg/m 2 . Obesity and overweight (BMI ≥ 25 kg/m 2 ) are a major health concern, and the leading prevent-usually exhibit visceral fat accumulation, which is considered to be metabolically unhealthy, whereas fat accumulates subcutaneously in women. However, the fat distribution in women is influenced by menopausal status, with several studies consistently showing that the prevalence of MS in women increases alongside post-menopausal changes in sex hormone production [27] .
In addition to the above, women appear to be more likely than men to develop MS as a response to work stress and low socioeconomic status [2] . In developing countries with more often conservative societies, more women have a sedentary lifestyle than men, and performing physical activity (PA) in public areas is more restricted in women. Despite westernisation, obesity is often a more culturally accepted body image in these countries. Additionally, women may have different food preferences to men, as they tend to consume more foods high in added sugars, refined carbohydrates and energy density. At present, there is a higher availability of these types of food due to the economic growth of developing areas leading to an influx of processed food products [28] .
Aim of this review
This review summarises the physical and mental health consequences of obesity in women. It also compiles the mechanisms by which obesity may lead to these problems.
Due to space limitations, this book chapter does not assess the quality of the cited studies, nor does it intend to cover all the consequences of obesity. Therefore, the sequelae of obesity, which are equally present in men and women, are not a focus of this chapter. status [34, 35] . These inflammatory conditions may have tumour-promoting effects by inducing inflammatory cascades via the production of cytokines [36] [37] [38] . Additionally, local inflammatory processes in AT can directly contribute to cancer development. For example, a previous study examined signs of mammary tissue inflammation, including increased activity of macrophages in patients with early-stage breast cancer [5] . Inflammation and tumour growth may also be promoted via imbalance in the gut microbiome, the composition of which can be negatively influenced by a high-fat diet (HFD). Dysbiosis within the microbiome has been suggested to lead to elevated gut permeability [39, 40] . In this process, bacterial components appear to activate immune receptors, including Toll-like receptor 4, which contributes to the systemic inflammatory response in obesity [38] .
Under premenopausal conditions, obese women may be better protected against inflammation originating from AT as they have a more favourable subcutaneous fat, rather than visceral fat storage [41, 42] . Visceral AT has repeatedly been demonstrated to be more systematically harmful [35, 43] . In addition, the female sex hormone, oestrogen, is considered to support an anti-inflammatory immune response [26] and to decrease the production of pro-inflammatory cytokines, including interleukin (IL)-6 and tumour necrosis factor-α (TNF-α), and thereby protect against carcinogenesis [44, 45] . However, there is an alteration in hormone status in women during menopause, with rapid hypoestrogenemia, relative hyperandrogenemia and a decrease in the hepatic production of sex-hormone binding globulin (SHBG), which increases the bioavailability of androgens [46] . This is accompanied by the accumulation of visceral fat independent of the increase in subcutaneous fat due to increasing age [47, 48] . Therefore, women do not appear to be protected by the anti-inflammatory effects of oestrogen, which renders them more susceptible to post-menopausal metabolic complications and cancer [37, 49] .
If the oestrogen levels of obese and non-obese postmenopausal women are compared, the oestrogen levels in obese postmenopausal women are higher than in their non-obese peers. This is explained by aromatase activity in AT, which catalyses the conversion of testosterone into estrogens [50, 51] . In addition, aromatase activity is exponentiated by inflammatory mediators derived from AT, including prostaglandin E2, IL-6 and TNF-α [52, 53] . Despite the anti-inflammatory features of oestrogen, these relatively high oestrogen levels in obese postmenopausal women have been suggested to increase the risk of oestrogen-dependent breast cancer after menopause [6, 51, 52, 54] .
The gut microbiome also appears to be capable of influencing oestrogen levels, possibly by enzymatic deconjugation, and thus contributing to cancer development [40] . However, the underlying mechanisms remain to be fully elucidated.
The metabolic comorbidities of obesity itself also increase cancer rates. An increased cancer rate in connection with DM II has been observed in liver, endometrial, pancreatic, colorectal, bladder, and breast cancer [55] .
Breast cancer
Breast cancer is the leading type of cancer among women aged 20-59 years worldwide [56] . The obesity-related risk of developing breast cancer varies depending on menopausal and hormone receptor status [6, 40] . The majority of studies have shown that obese women are at increased risk of oestrogen receptor (ER)-positive postmenopausal cancer [57] . ER-positive breast cancer is the most common subtype and accounts for 70% of all breast cancer cases [40, 58] .
Previous studies have found central adiposity to be an independent predictor of both postmenopausal and premenopausal breast cancer risk [59] [60] [61] . Obesity has been consistently shown to increase rates of breast cancer in ER-positive postmenopausal women by 30 to 50%. Weight gain in young adults has also been found to be associated with an elevated risk of postmenopausal ER-positive breast cancer, whereas weight loss, bariatric surgery and PA are consistently associated with reduced risk [6, [62] [63] [64] . Correspondingly, biological markers associated with breast cancer, including oestrogen, SHBG, CRP and IL-6, have been found to decrease following weight loss and as a consequence of PA [65, 66] . Conversely, the tumour growth rates of mice fed an HFD have been reported to increase compared with those in normally fed mice when inoculated with breast cancer cells [67] .
Studies of breast cancer mortality and survival rates have noted that adiposity is associated with reduced survival rates and higher rates of recurrence, irrespective of menopausal status and after adjustment for stage and treatment [68] [69] [70] [71] [72] . Additionally, obese patients with breast cancer often receive suboptimal treatment in terms of the doses of chemotherapy [73] and treatment appears to be less effective in patients with a BMI > 30 kg/m 2 [74] .
The use of menopausal and postmenopausal hormone therapy (MHT) to mitigate unwanted menopause-related symptoms has been reported to increase ER-positive breast cancer risk; these estrogens may accumulate in mammary AT [75] .
Cervical cancer
Cervical cancer is the second leading cancer type in women and is linked to the sexually transmitted infection, human papillomavirus [56] . Studies investigating the connection between obesity and cervical cancer have been limited and inconsistent [29, 33] . A published meta-analysis of nine studies with 128, 233 participants found no association between overweight, but a weak association between obese individuals and the risk of cervical cancer [76] . However, investigations have repeatedly shown that obese women are more likely to miss screening examinations, possibly due to embarrassment and discomfort [77, 78] . This may partly explain the higher mortality rates of obese patients with cervical cancer [33] . According to the subtypes of cervical cancer, obesity appears to be involved in the development of cervical adenocarcinoma rather than squamous cell carcinoma [8, 79] .
Endometrial cancer
Adiposity has been established as a factor closely related to endometrial cancer risk and mortality rates [7, 31, 80, 81] . A prospective study recruiting 1.2 million women in the United Kingdom found that ~50% of the cases of endometrial cancer were attributable to being overweight or obese, and it was reported that the risk of endometrial cancer increased linearly with increasing BMI [30] . It has been estimated that there is a 2-to 4-fold increased risk of endometrial cancer in overweight or obese women [8, 29, 82] . As a causal mechanism for the association between obesity and endometrial cancer, increased circulating oestrogen levels, insulin resistance and inflammatory processes in AT have been proposed [82, 83] . In particular, unopposed oestrogen-its application in the absence of progesterone-has been shown to lead to an increased cancer risk via inducing the mitotic activity of endometrial cells [84] . Therefore, in premenopausal cancer, progesterone deficiency, rather than an excess of oestrogen, may be responsible for the effect of obesity on cancer risk [30] . Hyperleptinemia occurring in obesity has been reported to be involved in ovarian steroidogenesis, and leptin treatment in mice decreases progesterone levels [85] . Additionally, obesity-associated PCOS (see Section 2.3.1.) with anovulation or oligoovulation has been discussed as a possible consequence of chronic exposure to unopposed oestrogen [8] .
Kidney cancer
The risk of renal cell cancer in overweight and obese men and women, compared with those of a normal weight, appears to be 1.5-to 2.5-fold higher in study populations [29] . Kidney cancer has been reported to show a dose-response relationship with increasing BMI [86] . The increase in risk with increasing BMI appears to be higher in women than in men and independent of blood pressure [87] [88] [89] . The positive association with obesity is predominantly found in clear cell type kidney cancer, which is the dominant histological subtype [89] . In contrast to breast and endometrial cancer, the risk of developing kidney cancer appears to be decreased in the presence of oestrogen, as ER activity inhibits renal cell carcinoma growth [90] . Therefore, metabolic-, inflammatory-and adipokine-related features of obesity may mediate the higher risk of kidney cancer. Kidney cancer is often found in diabetic individuals with hyperinsulinemia and hyperglycaemia, which are considered to be carcinogenic factors by generating increasing levels of pro-inflammatory cytokines, reactive oxygen species and lipid peroxidation [91] . AT-derived hormones, including leptin and insulin-like growth factor-1, contribute to the direct effect of obesity on kidney cancer [92] , and elevated leptin levels have been be demonstrated to cause renal fibrosis directly [93] . Obesity is also likely to lead to glomerulopathy by increasing blood flow, arterial pressure, activation of the reninangiotensin-aldosterone system and consequently glomerular hyperfiltration, which, in turn, leads to microalbuminuria and loss of renal function [94, 95] .
Gastrointestinal cancer
As gastrointestinal cancer is among the leading cancer types in women, it is worth mentioning that obesity increases their risk of incidence according to several studies. Obesity appears to be associated with a 2-to 3-fold increase in risk for adenocarcinoma of the oesophagus [29] . A higher BMI often leads to gastro-oesophageal reflux, and it is hypothesised that an increased occurrence of reflux explains the association between obesity and oesophagal adenocarcinoma [96] . Reflux is provoked by visceral fat accumulation with increasing pressure inside the abdominal cavity [97] . Again, women are more prone to this type of cancer after the menopause due to their redistribution of fat owing to the hypoestrogenic condition [98] . Similarly, an approximately 2-fold elevated risk of gallbladder cancer in women, but not in men, has been consistently demonstrated in previous studies [29] . It has been suggested that obesity provokes the development of gallstones, inducing local inflammatory stimuli. Gallstones and gallbladder cancer share common risk factors, including female gender [99] . Obesity increases the risk of stomach cancer, a common type of cancer in women [29, 56] . This appears to be especially true for gastric cardia rather than non-cardia gastric cancer [29, 100, 101] , however, no gender differences have been found [101] . Colorectal Cancer (CRC) is the second most common type of cancer contributing to mortality rates in both men and women. Although obesity has been shown to be a more significant risk factor for colon cancer in men rather than women, there is a striking percentage of 18% by which an increase of 5 kg/m 2 in BMI can elevate the risk for colon cancer in both genders [102, 103] . The linear association between BMI and CRC is stronger in premenopausal than postmenopausal women [102] . No differences in overall survival, survival by stage, or local or distant recurrence of CRC have been found between genders [104].
Metabolic disorders
Metabolic syndrome (MS) and menopausal status
According to the International Diabetes Federation, MS is characterised by a cluster of metabolic abnormalities, and increased blood pressure MS is associated with an increased risk of DM II, CVD and cerebrovascular disease (CeVD) [105] . Obesity and MS are significantly more prevalent in postmenopausal women, compared with men of the same age, and the increase in MS prevalence with age is more marked in women than in men [2, 40, 106] . In premenopausal women, PCOS appears to be a frequent clinical abnormality associated with MS [107] .
Both endogenous and exogenous factors contribute to the association between weight gain during menopause and the occurrence of MS, including changing hormonal status accompanied by fat redistribution, physical inactivity, lower energy expenditure, unhealthy nutrition, medications (psychotropic drugs, insulin and steroids) and diseases [46, 108] . Unlike men, women have also been shown to develop MS as a response to work stress [2] .
Possibly the most crucial link between MS and menopausal status is the essential role of oestrogen in the regulation of metabolic homeostasis. Under the influence of hormonal oestrogen, women are metabolically healthier than men; they exhibit higher insulin sensitivity, higher levels of high-density lipoprotein (HDL), and lower levels of triglyceride (TG) and low-density lipoprotein (LDL)-cholesterol, as well as beneficial subcutaneous fat distribution and inhibited lipogenesis by suppressed lipoprotein-lipase activity [108] [109] [110] [111] . In contrast, rodent experiments show that, following menopause or ovariectomy, there is a marked decline in insulin sensitivity alongside an increase in fat mass, and elevations in circulating inflammatory markers, LDL, TG and fatty acids [108] . Unfortunately, aromatase-derived estrogens in obesity do not protect women from metabolic disturbances [46] . This is possibly due to the finding that ER-expression changes during menopause and alterations of ER in AT affect inflammatory processes and the distribution of fat regardless of circulating estrogens [112] . It has been suggested that only oestrogen levels in stable physiological concentrations are metabolically favourable, whereas supraphysiological levels or the overstimulation of ER may induce IR and DM II [108] . The relative surplus of androgens-from continued production in the adrenal gland-in conditions lacking estrogens may also contribute to the onset of MS, particularly regarding IR and the growth of visceral fat [113] . Gonadotropins, which are elevated following menopause in response to the peripheral drop of hormones, stimulate further androgen synthesis. Low levels of SHBG also appear to have a significant impact on the progress of IR, whereas hyperinsulinemia itself can boost ovarian androgen production [46] .
There is evidence from animal experiments that, with the exception of sex hormones and gonads, different sex chromosome makeup may also contribute to differences in food intake, fat accumulation, fatty liver, hyperinsulinemia and hyperlipidemia between men and women [42] . However, in studies involving humans, physiological changes during the menopause appear to represent the most crucial gender-related factor for the increased prevalence of MS in women following the menopause in comparison to their age-matched male counterparts.
Type II diabetes (DM II)
Being overweight or obese is considered to be the main risk factor for developing DM II. A previous study found that, if a woman has a BMI of ≥25 kg/m 2 , her relative risk of DM II is ~5, whereas the risk for a man is between 2 and 3 [114] . With MS as a predictor, it is not surprising that the prevalence of DM II in women after the menopause increases at a higher rate than that of men [115] . However, other conditions and diseases are more prevalent at this time in a women's life, including sleep disturbances and depression, which are independent risk factors for diabetes [113] . Substantial evidence highlights that the risk of the DM II depends on the onset of menopause; a natural menopause with an average onset age of ~50 years does not appear to affect the occurrence of DM II, whereas premature menopause, regardless of whether it is caused naturally or surgically by hysterectomy with bilateral oophorectomy, increases the risk of DM II [106] . In contrast, premenopausal women have a reduced incidence of DM II compared with age-matched men [108] .
Large observational studies and a long-term randomised controlled trial examining the use of MHT in women with diabetes found an improved disease outcome, corroborating the oestrogen-deficiency theory in middle-aged women [106, 116] . However, study results are conflicting [117, 118] and current knowledge is not sufficient to recommend the use of MHT in women with MS or diabetes, with CVD risk evaluation being advised prior to initiating MHT [106] .
Cardiovascular and cerebrovascular diseases
Although evidence suggests that women have superior protection against CVD and experience CVD events on average 8 years later than men, CVD remains primary cause of death in women, accounting for 46% of deaths in older women worldwide [2, 56] . Protection against CVD is reversed in the presence of DM II, when the risk of CVD is almost doubled in men and more than three times higher in women [2] . Notably, the development of cardiac steatosis, a risk factor for heart failure, is more pronounced in the presence of impaired glucose tolerance (IGT) [119, 120] . In CeVD in women, a prospective population-based study investigating 8419 participants aged >55 years showed that the cumulative incidence of CeVD was higher in women than in men [121] . Prospective studies and meta-analyses have found that both hyperglycaemia and hyperinsulinemia increase the risk of stroke, particularly in women [2, 122] . Additionally, the diagnosing of CeVD events appears to be delayed in women due to the less traditional stroke symptoms, including impaired consciousness and altered mental status [123] .
In terms of cerebrovascular and cardiovascular health, oestrogen is described to enhance endothelial function and vasodilatory effects by increasing prostacyclin and nitric oxide levels, protecting the endothelium from TNF-α-induced inflammation and downregulating levels of plasma LDL-cholesterol, and is considered to be neuroprotective [40, 46, 122, 124] . Accordingly, several studies have found that low-dose transdermal oestrogen application early following menopause was associated with attenuated risk of stroke [122] .
Osteoarthritis
Osteoarthritis (OA) is a disease characterised by joint pain, stiffness and impaired movement.
Menopausal women have an increased risk for OA. One study calculated the incidence rates of OA in men and women according to age for different joints and found incidence rates for knee, hip and hand arthritis higher in women [125, 126] . Prevalence rates of arthritis are related to body weight. A BMI increase by 5 kg/m 2 is associated with a 36% higher risk of OA. Systemic inflammation originating from the AT seems to be a crucial factor for the development of OA [127, 128] .
Reproductive health
Obesity influences the onset of puberty as gonadal function is regulated by metabolic status. Insulin and leptin indirectly impinge hypothalamic neurons emitting gonadotropin-releasing hormone, a hierarchical hormone within the hypothalamic-pituitary-gonadal (HPG) axis [129, 130] . As the prevalence of childhood obesity has increased, a study found that the median age at menarche decreased by 3-5.5 months in the US between the late 1960s and 1990 [8] .
In patients with PCOS, the age at menarche is ascertained to be ~6 months earlier than in unaffected girls, and premature pubarche is suggested to be the earliest manifestation of PCOS. As with premature pubarche, PCOS is often found in obese individuals, with only ~20% of cases of PCOS in non-obese individuals [8] . Both obesity and PCOS are associated with irregularities in the menstrual cycle and disturbed metabolic features, including IR, increased leptin, and decreased adiponectin levels [8, 131] . PCOS is clinically defined by the features hyperandrogenism, oligo-or anovulatory cycles and polycystic ovary [132] . Disturbed insulin sensitivity and hyperinsulinemia are widely believed to be the underlying causes of PCOS [133] . In particular, abdominal obesity combined with hyperinsulinemia is known to cause decreased SHBG levels and stimulate androgen production within the ovary, and possibly within the zona reticularis in the adrenal cortex [134] [135] [136] [137] . Hyperleptinemia was found to be positively correlated with androgen levels in women with PCOS, and hyperleptinemic mice presented with prolonged menstrual cycles, atrophic ovary and reduced hypothalamic gonadotropin-releasing hormone at an older age [138, 139] . Leptin exerts its hypothalamic neuroregulatory function indirectly via interneuronal pathways, which can be attenuated by the leptin resistance typically found in response to hyperleptinemia in obese subjects [139] [140] [141] . Additionally, chronic elevation of circulating estrogens due to aromatisation in AT disturbs the HPG axis [142] . Taken together, obesity disrupts the ovulatory process via metabolic abnormalities affecting both peripheral and central hormonal derangements.
A Nurses Health Study, which included 116,000 women, investigated ovulatory failure and menstrual cycle irregularity in women with and without PCOS, and reported an increased relative risk of infertility with increased BMI in all women [143] . Another study of 22,840 women reported reduced fecundity, even in obese women with regular cycles [8] . In obese women without PCOS, assisted reproduction is less successful and higher doses of gonadotropins are required for ovarian stimulation compared with woman of a normal weight [144] .
Apart from the above-mentioned biological factors, social factors are also suggested to affect the reproductive condition of women. For example, a long-term study indicated that obese American women have lower fertility, partly due to a lower probability of marriage [145] .
Contraception also appears to be negatively affected by obesity; studies have found a higher risk of contraception failure in heavier subjects when investigating different methods of contraception, including oral, transdermal and local hormonal contraception [8] .
Maternal health
Being young was stated by the WHO to be one of the 10 highest health risks for women. This can partly be explained by the high number of deaths due to complications during pregnancy and childbirth, particularly in developing countries [3] . Obesity compromises maternal health by increasing the number of pregnancy-related ante-, peri-and postpartum complications. In addition, obesity holds potential for intergenerational programming, meaning that maternal obesity can increase the likelihood of weight gain with metabolic consequences and CVD risk in the adult life of the offspring [8, 143, 146] . In Europe and the US, 20-40% of pregnant women are considered to be obese, due to the high prevalence of obesity, or they gain excessive weight during pregnancy [147] . In 2008, the prevalence of overweight and obesity in developing areas, including Africa, reached 40% in women of childbearing age [148] .
Preconceptional obesity elevates the risk of gestational diabetes (GDM), gestational hypertension (GH), preeclampsia (PE) and deep venous thromboembolism (DVT), all of which are related to higher maternal morbidity rates postpartum [8, 14, 143, 149] . A previous study assessed metabolic complications in relation to prepregnancy overweight and obesity (BMI ≥ 30 kg/m 2 ) 10 years postpartum in premenopausal Chilean women. At 10 years post-delivery, women who were overweight and obese prior to pregnancy had significantly higher rates of IR, abdominal obesity and hypertriglyceridemia, compared with women of normal weight prepregnancy [150] . The risk of suffering from future DM II is higher for women with GDM than for those without. A metaanalysis revealed a 7-fold increased risk of DM II in women with GDM, compared with women without GDM [151] . A systematic literature review examined the incidence of DM II in women suffering from GDM and reported that the cumulative incidence increased steeply within 5 years of delivery and levelled off after 10 years [152] . Obese women were found to be 4.5-8.7 times more likely to develop GH [153] . GH increases both maternal and foetal mortality with a 5-and 3-fold higher risk for PE and stillbirth, respectively [145] . PE, typically a late pregnancy or post-delivery syndrome characterised by new onset of hypertension and proteinuria, can often appear superimposed on established gestational or prior hypertension, and is frequently observed on a background of pre-existing maternal morbidities, including obesity [149] . Obese pregnant women are estimated to be at 3-10 times higher risk of PE [14] . PE increases the mortality rates of women during or shortly after pregnancy through severe complications, including eclampsia or HELLP syndrome, which is a life-threatening complication of pregnancy with haemolysis, elevated liver enzyme levels, and low platelet count. Excessive hypertension can also affect cerebral autoregulation and lead to permanent damage or death via cerebral haemorrhage [149] . During and after pregnancy, obesity increases the risk of DVT 4-to 5-fold [14] .
Obesity is related to higher rates of miscarriage and preterm birth (PTB). A systematic review of the literature examining the association between BMI and PTB found an increase in the risk of PTB at different gestational ages in obese women, which was even higher for early PTB (<32 weeks) in morbidly obese women (BMI >40) [154] . Additionally, obesity in women is associated with post-date delivery and a higher mean birth weight [155] .
At the time of birth, obese women more often require assistance in delivery, for example induction of labour or c-section [8, 14] . Failure to progress with labour, administration of oxytocin, and epidural anaesthesia were more frequently experienced by obese women [155] . Emergency c-sections are more common among obese mothers due to macrosomia of the foetus which, in turn, results from IGT of the obese mother [143, 156] . The odds ratio (OR) of c-section was increased from 1.43 to 2.36 when comparing morbidly obese and non-obese females [155] . Rates of postpartum haemorrhage, infection and venous thromboembolism are also elevated in obese women [14, 15, 156 ].
Neonatal health
Newborns are also affected by morbid maternal obesity, with higher neonatal mortality rates owing to higher risk of neonatal complications, including hypoglycaemia, hyperbilirubinemia, birth injury, infections and respiratory distress syndrome [157, 158] . They are also more likely to suffer from malformations, including neural tube defects, spina bifida, cardiovascular anomalies, and cleft lip and palate. Intriguingly, the prevalence of gastroschisis in neonates was documented to be lower among obese mothers [8] .
Even if obese mothers experience an uneventful pregnancy and delivery, the postpartum effects of obesity on the infant's and mother's lives often continue. Difficulties with breastfeeding are commonly observed between newborns and their obese mothers [14] . Among obese mothers, a lower prolactin response to suckling was observed leading to a delay of milk production and, thus, decreasing rates of breastfeeding initiation [159] . A recent investigation assessed intention and initiation of breastfeeding in different prepregnancy obesity classes according to BMI (normal: 18-24.9 kg/m 2 , overweight: 25-29.9 kg/m 2 , obese: 30-34.9 kg/m 2 , very obese: 35-39.9 kg/m 2 , and extremely obese: ≥ 40 kg/m 2 ). The authors noted that both intention and initiation were significantly lower among women with extreme obesity, while figures were similar and reduced only slightly reduced from normal to very obese women. In terms of intention to breastfeed, declared antepartum by study participants, extremely obese women were often younger, less well-educated, smokers and African American, compared with women in the other obesity classes suggesting that social and ethnic factors may play an additional role [160] . Similar figures and the inverse correlation between initiation of breastfeeding and higher classes of obesity were also confirmed in another study involving 8430 breastfeeding women [161] . In addition, the majority of studies observed a shortened duration and discontinuation of breastfeeding Adipose Tissue among obese women, even on adjustment for confounding factors [162] . Investigations assessing the maternal health consequences of breastfeeding found lower levels of fasting plasma glucose and insulin, as well as lower rates of diabetes and IGT in breastfeeding women [151] .
As already mentioned, an unfavourably metabolic, intrauterine environment, for example promoted by an obese mother, can elevate the risk of developing obesity and related disorders in adulthood. For example, studies have shown that children of diabetic mothers had an almost 10 times greater risk of IGT at the age of 10-16 years, compared with controls, and the prevalence of obesity in children of diabetic mothers was higher than that in children whose mothers were non-diabetic, irrespective of maternal BMI. This intergenerational transition may contribute to the global epidemic of obesity [143] . Table 1 summarises the physical health consequences of obesity in women discussed in this section.
Mental health consequences of obesity in women
Depression
The gender difference in depression appears consistently in psychiatric epidemiology. A comprehensive review of general population studies revealed that major depression rates are more predominant in women than in men. Furthermore, depression seems to be more persistent in women, and female gender is a significant predictor of recurrence [18] . For depression, the female-to-male ratio was previously described as 1.5 [163] . Data from the general practice research database, which contains linked anonymised records of over 3 million patients registered in the UK, show that the incidence of depression in women is about twice as high as it is in men [164] .
Irrespective of gender, obesity is regarded as an independent risk factor for depression and vice versa. A meta-analysis of studies examining the association between obesity and depression found an OR of ~1.3-1.4 for depression in obesity, and an OR of 1.7 for the inverse relationship [165] . Broadly, the association becomes more marked with increasing severity of obesity [8, [165] [166] [167] . However, continued dieting is also seen as a risk factor for depression [166] .
Different biological and psychosocial mechanisms are suggested to link obesity and depression, some of which are considered to be more distinctive in women. An upregulation of inflammatory mediators, including TNF-α, has been shown repeatedly in obesity and depression, and may be a causal link between the two diseases. TNF-α has been found to activate indoleamine-2,3-dioxygenase, which degrades the serotonin precursor tryptophan leading to a central deficiency of serotonin [23, 24, 168] . Moreover, in both diseases, hormonal disturbances in the hypothalamic-pituitary-adrenal (HPA) axis are observed. Other hormones are also involved in the regulation of mood, appetite and the HPA axis, including leptin and ghrelin [166] .
Particularly among women, who are considered to have a higher societal pressure to remain thin, obesity leads to poor self-image and self-esteem, as well as discrimination, which can promote the development of depression [8, 165, 166, 169] . Conversely, depression brings about poor food choices, overeating and reduced exercise due to a lack of motivation, which, in turn, contributes to the progression of obesity [17, 170, 167] .
It is often noted that a lack of PA is linked to depressive symptoms. Similarly, obese individuals show decreased PA, possibly due to limited function of their musculoskeletal system or sleep disturbances; this includes obstructive sleep apnoea syndrome (OSAS), which is accompanied by increased daytime sleepiness and elevated, pro-somnogenic cytokine levels [166, 171, 172] . However, a lack of physical activity may also be a causal factor contributing to the development of obesity.
As mentioned above, women across different age groups, ethnic backgrounds [20, [173] [174] [175] , and specifically obese women [115, 176] are reported to be less physically active compared with their comparable male counterparts [28] , which may lead to the development of depressive symptoms in addition to the burden of obesity [177] .
Obesity in women may also be a consequence of psychiatric disorders. Women are 48% more likely than men to use any psychotropic medication following statistically controlling for demographics, health status, economic status and diagnosis [178] . In the US, data from the National Health and Nutrition Examination Surveys between 2005 and 2008 indicate that 11% of Americans aged ≥12 years take antidepressant medication, with taking 2.5 times as many antidepressants as males. Women received more antidepressant medication across all age groups, which is not an expression of the severity of depression; when comparing the same degrees of depression between women and men, women were more likely to receive a prescription for antidepressants [179] . For psychopharmacological agents, including tri-and tetracyclic antidepressants and mood stabilisers, weight gain is known to be a frequent side effect; certain drugs are associated with weight gain of up to 20 kg [180] .
Within the lives of women, they appear to be particularly prone to depression during pregnancy and menopausal transition [113, 181] . At this life stage, the occurrence of obesity is simultaneously more likely. One review and meta-analysis involving 540,373 antenatal or postnatal women from countries worldwide, showed an increased OR of both antenatal (OR 1.43) and post-natal (OR 1.30) depression in obese women, compared with normal-weight women [153] . At the time of menopause, women often experience short-term changes in health and quality of life, involving sleep disturbance and affective symptoms, which are factors frequently causing women to seek medical attention [182] . Therefore, it is conceivable that women are prescribed more psychotropic drugs at this time, which may foster the progression of obesity in addition to the other factors mentioned above.
It has also been reported that oestrogen depletion can provoke depressive symptoms [40, 113] .
Anxiety disorders
The male-to-female ratio for anxiety disorders is reported to be even higher than those for depression, ranging from 1.4 for any anxiety disorder to 1.7 for generalised anxiety, and up to 2.0 for panic disorder [163] . In terms of obesity, a recently published review reported inconsistent findings on the relationship between obesity and anxiety disorders. Although some studies have demonstrated poor correlation, others nave found clinically significantly associations of panic disorder, specific phobias and social anxiety with obesity in females [165, 183] . The severity of obesity may influence these associations [183, 184] .
In terms of the specific stages in women of pregnancy and menopause, another meta-analysis showed a higher risk for antenatal anxiety in obese women, compared with normal-weight women (OR 1.41), although there are few postnatal studies. The higher risk for antenatal anxiety has been explained by findings of qualitative research suggesting that women know of the elevated health risks associated with their obesity, which may increase their anxiety levels [153] . Only women with low, but not high, premenopausal anxiety levels have been shown to be more prone to developing anxiety during and after menopausal transition [185] . In relation to obesity, symptoms of anxiety were found to be associated with obesity neither pre-nor postmenopausally [184] .
Posttraumatic stress disorder
The WHO estimated that 80% of the 50 million individuals experiencing trauma-related events, including violent conflicts and civil wars, are women and children, and the lifetime prevalence rates of violence against women vary between 16 and 50%. At least one in five women is affected by rape or attempted rape in their lifetime. These figures of trauma prevalence among women are associated with correspondingly high rates of PTSD in women [18] . For PTSD, the femaleto-male ratio was 2.7, which was, alongside migraine, the highest ratio of all stress-related psychiatric disorders in a previous study [163] . Data from the Adult Psychiatric Morbidity Survey in England in 2014 showed the highest prevalence of PTSD in women aged 16-24 years, which was more than three times greater than in men [186] . There is evidence across several studies for an association between PTSD and obesity. A systematic review and meta-analysis of the available studies recorded an increased OR for obesity if individuals suffered from PTSD [187] .
More severe symptoms, as well as early onset of PTSD, were found to be linked to a higher BMI, waist circumference, total cholesterol, leptin, CRP, blood pressure and reduced insulin sensitivity, indicating that PTSD is also associated with obesity-related diseases, including CVD and DM II [188] . Several mechanisms underlying how both diseases are linked to each other have been discussed in the literature. Various studies have found that PTSD and obesity are independently associated with higher rates of binge-eating, poor sleep, elevated inflammatory markers and altered levels of neuropeptides, shortened chromosome telomere length, mitochondrial dysfunction, increased endoplasmic reticulum stress and cortisol levels [189] .
Dementia
Compared with men of the same age, the WHO considers older women to have lower pensions, a greater risk of poverty and poorer general health, including higher rates of dementia, combined with less access to health care and social services [3] . In particular, a low socioeconomic status appears to have a significant role in the development of dementia [190] , and low socioeconomic status is also regarded as a risk factor for obesity [20] .
Postmenopausal women show a decline in cognition, possibly due to the fall in oestrogen, which is considered to be neuroprotective [191] and associated with neuronal growth and certain aspects of memory [40] .
Gender-specific prevalences of dementia differ along with the subtypes of dementia. While women exhibit an almost 2-fold increased risk of Alzheimer's disease (AD) compared with men, men are more susceptible to vascular dementia (VD), dementia with Lewi bodies and Parkinson's disease. However, AD contributes to the majority of cases of dementia. Risk factors for VD have been described to have a greater severity of impact on women. Gender also influences the disease course; women show a more rapid progression of AD than men once diagnosis is made [191] . In 2013, a population-based study in the UK found the prevalence of dementia to be highest in women aged ≥85 years. At the age of ≥90 years, 35% suffered from dementia. In this age group, the female brain appears to be more vulnerable to dementia, compared with in men [192] .
As life expectancy increases, the number of women with dementia is growing steadily. Between 2012 and 2051, figures of dementia are anticipated to be doubled in women in the UK [193] .
Dementia appears to be linked to weight in midlife. A study on twins, which included 8534 twins aged ≥65 years examined the association between BMI and dementia. Dementia was diagnosed by performing the Mini Mental State Examination. BMI at midlife, considered to be ~43 years old, was assessed by self-reporting. Dementia was found in 350 of the 8534 participants. Compared with those without dementia, twins with dementia were older, had lower levels of education, lower current BMI, and were more likely to have diabetes, cardiovascular and cerebrovascular disease. However, there was a strong link between dementia and midlife BMI; even after adjustment for age, gender, education, diabetes, hypertension, stroke and heart disease, both overweight and obesity at midlife were associated with increased risk of dementia of different subtypes, compared with a normal BMI [194] . Another large population study obtained similar findings; participants who were obese at 30-39 years of age had a significantly increased risk of later dementia, although obesity at a later age did not appear to contribute significantly to the development of dementia [195] . However, a longitudinal study involving 392 adults without dementia aged 70 at baseline reported that being overweight at age 70 was a risk factor for AD in women [143] only.
Systemic inflammation may be an important link between obesity and dementia, as cytokines may provoke neuroinflammatory processes in the brain leading to neurodegeneration. There are hints in the literature that such inflammatory dysregulation in AD may be specifically relevant in females [23, 191, 196] . In women with diabetes, the risk of developing dementia was shown to be 19% greater than in men [191] .
Sleep disturbances
Insomnia is defined by difficulty in initiating or maintaining sleep, waking up too early, or sleep that is chronically non-restorative or poor in quality. These symptoms have to be associated with some daytime impairment, for example fatigue or daytime sleepiness [197] . Insomnia impacts negatively on quality of life, workplace productivity, mental health and disease morbidity [198] .
A meta-analysis on gender differences in insomnia noted a greater risk in women of suffering from insomnia, with an OR of 1.4. The trend of female predisposition was consistently found among all age groups, which was higher in the elderly [199] . Another meta-analysis documented a female-to-male ratio of 2.1 for insomnia [163] . Sleep disturbance is considered a hallmark of the menopausal transition, and insomnia affects ~50% of middle-aged women. The postmenopausal risk of OSAS is indicated to be 3.5 times greater than in premenopausal women, independently of BMI [182] .
In China, a study of 24,027 men and 33,677 women aged 30-79 years investigated the association between sleep duration and DM II. They found that short (≤5 h) and long sleep durations (≥10 h) were significantly associated with DM II in postmenopausal women, but not in premenopausal women or men [200] . A similar result was reported by the National Health Service among women in the UK, with a U-shaped association between sleep duration and DM II. However, this relationship was attenuated following adjustment for BMI [113] .
In addition to sleeping problems appearing to favour the development of obesity, obesity also give rise to sleep disturbances. Sleep restriction has been demonstrated to lead to higher food intake, poor food choices and unhealthy eating behaviour and, therefore, may encourage weight gain and obesity [201, 202] . Additionally, prolonged sleep duration (>8 h/night) was described as a risk factor for obesity although to a lesser extent [203] . Despite excessive sleepiness, it has been reported that up to 50% of adults with OSAS also suffer from insomnia [197] .
Obesity is generally accepted as predisposing to OSAS, and 70% of patients with OSAS are obese. Weight loss significantly improves OSAS, and OSAS itself independently deteriorates the comorbidities of obesity by augmenting IR, glucose and TG levels, as well as markers of inflammation, arterial stiffness and atherosclerosis [204, 205] . In general, obesity is also associated with excessive daytime sleepiness (EDS), often due to OSAS but also found independently [206] . Hypercortisolemia and the increased production of somnogenic, pro-inflammatory cytokines have also been shown to be associated with obesity-related low sleep efficiency and EDS [207] . EDS in obesity may prevent individuals from being active during the day, therefore leading to weight gain. Moreover, individuals with EDS may tend towards daytime napping, altering nocturnal sleep [208] . This may lead to a vicious circle of impaired sleep, EDS, reduced PA and changing dietary patterns, resulting in further weight gain. Table 2 summarises the mental health issues in women with obesity. 
Aspects of mental health affected by obesity Specific consequences
Affective disorders Depression
Discussion
Summary of findings
Obesity has an impact on the majority of the 10 top health issues affecting women. ER-positive cancer types, including postmenopausal breast and endometrial cancer, are highly associated with obesity as oestrogen levels rise with BMI. Other detrimental effects of excessive fat accumulation are known to be involved in elevated cancer risk and the development of other sequelae in women. Among these are a systematic inflammatory process, often combined with an imbalance in AT deriving cytokines, disturbances in metabolic homoeostasis, alteration in the composition of the gut microbiome, increased gastro-oesophageal reflux and the emergence of gallstones. Young, obese women encounter more difficulties during pregnancy, particularly in developing countries where gynaecological care is often inadequate. Obesity gives rise to reduced fecundity and is associated with PCOS. By contrast, older women are more likely to suffer from AD than male counterparts, with increased risk in the presence of obesity at midlife. The female-to-male ratio of obesity-related MS, frequently resulting in DM II, CDV and CeVD, becomes inverted following the menopause, with prevalence rates increasing more sharply in women than in men. In terms of mental health, women appear to be more negatively affected than men for almost every stress-related psychiatric disorder, with the exception of alcohol and drug abuse [163] . Correspondingly, women receive more psychopharmacological medication, often leading to weight gain. Table 3 summarises the mechanisms linking obesity with its associated comorbidities.
Important aspects of obesity specific to women
Menopause
The causes, consequences and associated disorders of obesity appear to differ among women and men due to specific gender-related factors. Physiological changes during the menopause leading to visceral fat storage may represent a crucial gender-related factor for the increased prevalence of obesity-associated comorbidities after the menopause. Consideration of the menopausal transition essential as life expectancy continues to increase. Between 2000 and 2025, the number of women aged ≥50 years old will increase by 60%, and women are estimated to spend more than a third of their life beyond the menopausal transition [40, 209] .
Socioeconomic and cultural issues
Socioeconomic status appears to affect men and women differently. Women with a poor background have higher rates of obesity and sequelae than men, whereas men with a higher socioeconomic status are more susceptible to MS than women. Work-stress was found to have a higher impact on the development of MS in women than men. In conservative societies, women are unable to perform PA in public and, in general, women appear to be less active than men. Commonly, women are under a higher societal pressure to remain thin, which may lead to women having a poorer self-image than men, followed by depressive symptoms and poor food choices. In addition, obese women are often reported to feel uncomfortable in
Area of concern
Specific factors linking obesity to health issues in women 
MHT
For details see text. Abbreviations: increase (↑), decrease (↓), sex-hormone binding globulin (SHBG), Toll-like receptor 4 (TLR4), blood pressure (RR), interleukin (IL)-6, tumour necrosis factor-alpha (TNF-α), impaired glucose tolerance (IGT), postmenopausal hormone therapy (MHT). gynaecological screenings and tend to avoid these, which may result in higher mortality rates for cervical cancer in obese women.
Obesity and its consequences: the problem of causality
The direction of causality is often unclear. Obesity can be the cause of associated diseases and issues, however it can also be a sequelae of another disorder. Moreover, obesity and associated comorbidities may share causal factors. For example, obesity can lead to an increase in pro-inflammatory cytokine production, which is a risk factor for depression; depression, in turn, can lead to decreased PA and to the intake of weight-inducing psychopharmacological agents, finally contributing to the development of obesity. Additionally, sleep disturbances with consecutive EDS may be a causal factor for the development of obesity and depression.
Therefore, it appears to be more appropriate to discuss "associated disorders" or "comorbidities", rather than "consequences" of obesity as, in many cases, the chain of causality is not well established.
Similarly, the mechanisms linking obesity to its associated diseases and problems are not specific. For example, an increase in pro-inflammatory cytokine production in the AT can contribute to the development of cancer, and metabolic and vascular disorders, and can be a risk factor for depression, dementia and sleep disturbances.
Obesity itself is a disorder of multifactorial causes. In addition, its consequences are linked to obesity by several factors at different levels, including socioeconomic, psychosocial and behavioural factors, and factors associated with ageing, microbiome-related mechanisms, the gastrointestinal and the vascular system, intracellular pathophysiology, problems with metabolism, hormones, adipocytokines and problems associated with medical measures, as shown in Table 3 .
Limitations
This review does not assess the quality of the cited studies nor weigh the importance of the various consequences against one another due to space restrictions. Therefore, this chapter provides a list of the sequelae of obesity important for women with a superficial explanation of the underlying mechanisms. Moreover, the chapter does not cover the consequences of obesity, which are equally present in men and women. Therefore, the important general health problems associated with obesity concerning the eyes, respiratory system, kidneys, skeleton and muscles have not been discussed.
Conclusion
To conclude, this chapter identifies the risk factors leading to obesity, which are more prevalent in women than in men. These factors include a lack of PA in sport and leisure, psychiatric problems of depression, PTSD, sleep problems and EDS, and the fact that women receive more psychopharmacological medication, compared with men.
Cancer, reproductive and maternal impairment, MS, depression and dementia are consequences of obesity with a high prevalence in women. Therefore, treatment should incorporate gender-related strategies to appropriately combat obesity and its sequelae in women. For example, clinicians may encourage particularly obese women to participate in gynaecological screenings, even if they are reluctant for their bodies be exposed owing to poor self-image.
However, despite decades of prominent research, including large-scale and molecular studies, the prevalence of obesity and its physical and mental consequences is increasing. Obesity and its sequelae are the result of a complex network of mutual interactions, including social, cultural, psychological and biological factors. This consideration indicates that there is no easy solution for such complex problems.
